Abstract. This review consists of a short overview of the elements of amphibian immune systems followed with a description of the effects of toxic chemicals on these systems. Various approaches that can link amphibian exposure to pollutants with immune suppression and susceptibility to infections, as well as to population declines, are discussed.
Introduction
The worldwide decline of amphibian populations is a well-established fact and the patterns of losses appear to exceed normal population fluctuations. The most popular explanations for this phenomenon are UV radiation, habitat destruction, acid rain, consumption and pollution. Among these causes, pollution is gaining more and more attention. Through their life cycle, many amphibians utilize both aquatic and terrestrial ecosystems, which increases the possibilities of exposure to xenobiotics. As a consequence of exposure, key physiological systems such as the immune system may be impacted.
The immune system plays a crucial role in protecting the host from potential pathogens and to eliminate neoplastic cells. A number of chemical-induced immunotoxic effects have been reported. These undesirable effects of xenobiotics are classified into two main categories: 1. Alterations of normal immune responses through immunomodulation (suppression or potentiation); 2. Induction of abnormal immune responses such as allergy and autoimmunity. Immunomodulation can lead to an increase in the sensitivity of organisms to opportunistic infections as well as to the development of cancers. Observations of local die-offs and even extinction of amphibian populations have been associated with infections by opportunistic pathogens, and it has been suggested that a direct or indirect suppression of the immune system by pollutants prevents the capacity of amphibians to control pathogens (Rollins-Smith et al., 2002; Gendron et al., 2003) .
The Amphibian Immune System
Living amphibians consist of over 5700 species (http://elib.cs.berkeley.edu/aw/). The knowledge of amphibian immune system is based on a few species, such as Xenopus laevis, whose immune system has been characterized in greater depth than any other ectothermic vertebrate, including Ambystoma mexicanum, Rana pipiens, Rana catesbeiana, and several others. From their key position in vertebrate evolution, amphibians represent important models for the developmental and comparative studies of the immune system. More detailed descriptions of the amphibian immune system than that presented here are available in the reviews by Du Pasquier et al. (1989, 2000) , Horton (1994), Charlemagne and Tournefier (1998), Hansen and Zapata (1998), and Rollins-Smith (1998).
The vertebrate immune system is traditionally split into an innate and an adaptive component (Flajnik and Du Pasquier, 2004; Vivier and Malissen, 2005) . Innate immunity is based on the involvement of specialized cells expressing non-clonal receptors that recognize conserved patterns expressed by pathogens or tumors without any prior exposure (Beutler, 2004) . Innate cell effectors include phagocytic cells (macrophages, monocytes), secretory cells (granulocytes) releasing various pro-inflammatory (e.g. Il-1, TNFα) and anti-bacterial (e.g. nitric oxide) substances, and natural killer (NK) cells that are able to recognize and lyse infected or tumor cells (cell mediated cytotoxicity). In vertebrates, these cells circulate in the blood and are scattered in small number in most tissues, but in response to inflammation they rapidly accumulate at the site of an infection or an injury.
Adaptive immunity is characterized (1) by lymphocyte clones expressing receptors that are generated by somatic combinatorial diversification, and (2) by immunological memory that permits a faster and more specific response upon secondary exposure to antigens or pathogens. Adaptive immunity is organized around two major components: cellular immunity (cell-mediated immunity, CMI) that involves T cells, and humoral immunity (humoral-mediated immunity, HMI) that involves B cells (Vivier and Malissen, 2005; Roitt et al., 2001) .
Innate immunity in amphibians
The innate immune response gives the organism a rapid protection against foreign bodies. For example, antimicrobial peptides are used as the first barrier of resistance against various environmental pathogens (Nicolas and Mor, 1995; Zasloff, 2002) .
